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In the frame of the preparations of the ICAR-Alliance of Bioversity and CIAT collaborative workplan 2020-
2025, a planning meeting was held at the Indian Grassland and Fodder Institute (IGFRI) in Jhansi, India, 
from 15-17th January, 2020. In attendance were IGFRI scientists led by their Director – Dr Vijay Kumar 
and the Tropical Forages Program team leader Dr. Michael Peters, the Asia Tropical Forages lead Dr. 
Sabine Douxchamps as well as representatives from the team Drs. Juan Andres Cardoso and Mary Atieno. 
The main objective was to refine potential areas of collaboration and develop an activity plan. The team 
also visited on-station trials in Jhansi. 
 
AGENDA 
1. Welcome remarks and introductions (Dr. Vijay Kumar - IGFRI) 
2. Introduction to IGFRI (Dr. Vijay Kumar - IGFRI) 
3. Introduction to the Tropical Forages Program (Dr. Michael Peters - CIAT) 
4. Review proposal drafted in 2019 
5. Presentation of additional concept notes (IGFRI scientists) 
6. Refine activity plan (CIAT & IGFRI) 
7. Visit research farms at Jhansi station 
MEETING OUTCOMES 
The action points emerging from these first discussions between IGFRI and CIAT scientists are detailed 
below. 
1. Germplasm exchanges: IGFRI to prepare import permit to allow transfer of the first batch of seeds 
from CIAT. A second list to be discussed in view of IGFRI’s interest for a larger collection, and 
relevant IGFRI scientists connected with the CIAT Genebank.  
➢ Key outcome: Import permits were sent in late 2020 hence seeds transfer will only be done 
in 2021.  
2. Revision of concept notes/activity plan: Review submitted concept notes (proposed short- and 
long-term activities), make needed adjustments and opening up avenues for further interaction (see 
next steps). Resubmit expanded and revised CN focusing on germplasm, GHG and physiology. 
Also, look into new CNs for Indo-African collaboration and work on more upstream research such 
as Apomixis and flowering behavior of grasses.  
 
➢ Key outcome: ICAR-Alliance collaborative work plan 2020-2025 has been developed and 
finalized (Annex 1).  
 
3. Capacity building: Juan Andres Cardoso to lead trainings on proposed topics. Initial ideas include; 
1) Introduction to Tropical Forages Selection tool, and 2) Hands-on introduction to WebODM: an 
open platform for aerial mapping.  
 
➢ Key outcome: Online training on the Tropical Forages Selection Tool was conducted on 15th 
December, 2020. The second training on WebODM will be conducted in 2021. 
 
4. Staff exchange: Having discussed the strengths and weaknesses of both IGFRI and CIAT, 
discussions for scientists exchange to be initiated. Specific mention was made to work on socio-
economics such as economic benefits and adoption factors. IGFRI has economists however they 
lack this particular expertise.   
 
➢ With the current travel restrictions due to Covid-19 outbreak, staff exchange was postponed. 
Additional points: 
• There is an interest for sexual Brachiaria but this cannot be shared from the breeding program in 
view of IP issues. IFGRI also cannot share sexual Panicum, for similar IP restrictions. 
• Some of our released hybrids would fit well in the systems with potential for scaling. There is an 
interest from our private sector partner, however there is concern about protection as India is not 
part of UPOV protecting plant breeder rights. 
• There could be some opportunities to be explored further e.g. low-cost pellet machines which could 
be used in Vietnam and elsewhere. 
• Focal points were defined - Dr. Misra and Dr. Vijay from IGFRI, and Dr. Sabine Douxchamps, 
Dr. Michael Peters and Jai Rana for the Alliance. 
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Annex 1: Tropical Forages Program – Inputs for ICAR-Alliance collaborative work plan 
2020-2025 
September 2020 
1. Background information 
Livestock contribute about 15% of the total annual anthropogenic GHG emissions globally. Livestock 
influence climate through land use change, feed production, animal production, manure, and processing 
and transport. Feed production and manure emit carbon dioxide (CO2), nitrous oxide (N2O), and methane 
(CH4), which consequently affects climate. Low animal production increases CH4 emissions per unit 
livestock product (Peters et al., 2013). However, methane emissions vary depending on production systems 
and regional characteristics. The enteric fermentation produced by ruminant livestock emits globally 
between 87 and 94 Tg of methane annually (IPCC, 2013). The countries that contribute the most methane 
emissions related to livestock production are India, China, Brazil, and USA (IPCC, 2013). India, with the 
largest livestock population in the world, emits around 12 Tg of CH4, from which 91% derives from enteric 
fermentation and 9% from manure management (Chhabra et al., 2013). Thus, the livestock sector is often 
associated with negative environmental impacts such as land degradation, air and water pollution, overuse 
of water resources, and biodiversity deterioration. Increases in livestock production are expected to 
originate from a declining natural resource base, which will cause further environmental damage without 
proper natural resources management. 
On the other hand, in India, livestock rearing has traditionally been a critically important sub-sector of the 
agriculture, being the source of quality human food, manure and draught power for various agricultural 
activities. It has also been the only source of cash income to a vast majority of resource starved people who 
maintain small stocks of livestock on the forage resources available on common/forest lands. However, the 
dynamics of livestock rearing have undergone a marked change over the years making India the leading 
milk producer in the world. Further growth of this sector will be as much dependent upon the availability 
of improved forages which is a matter of concern. The available data reveals that the present feed 
availability in the country is well below requirement. Half of the annual feed requirement is met from 
cultivated feed and crop residues, whereas open grazing and feed availability from common property 
resources such as forests, pastures, village commons fulfils the remaining half of the annual feed 
requirement. Cereal and grain legumes feeds serve the dual purpose by providing sufficient grain and feed. 
Forage crops, i.e. mainly grasses provide an ample amount green forage in pasture and rangelands and are 
capable of forming symbiotic associations with fungal endophytes that can enhance the biotic and abiotic 
stress tolerance of the host plant. Recent studies have shown that fungal endophyte presence can stimulate 
soil carbon sequestration, and fungal endophyte strain can alter the flux of two important greenhouse gases, 
CO2 and N2O, from the soil to the atmosphere. 
These pasture/grazing lands, once considered to be one of the most productive ecosystems are now at the 
receiving end. Such grazing lands have either already degraded or are in the process of degradation with 
average carrying capacity of less than 1 ACU (adult cattle unit) and are suffering due to management 
neglect. Therefore, appropriate technological interventions on pasture management and livestock grazing 
for enhancing/sustaining their productivity is the need of hour.  
 
2. Overall goal 
Identifying efficient forage production, utilization, and grazing systems to manage environmental impacts 
of livestock production 
3. Objectives 
• To enrich and evaluate the forage crop diversity for feed security especially for climate resilience 
• To increase scientist exchanges between ICAR and the Alliance on the topics of forages breeding 
(including apomixis and sexual reproduction) and remotely collected information (e.g., multispectral 
imaging from drones and satellites). 
• Identifying efficient forage production and grazing systems to sequester more C, offset GHG emissions 
and maintain ecological diversity 
•  Evaluate the benefits of forage crops in the nitrogen cycle through Biological Nitrogen Fixation (BNF) 
and Biological Nitrification Inhibition (BNI) 
• Assess the prioritized germplasm on response to abiotic stresses such as water use and shade tolerance 
• Assess the likelihood of adoption of improved practices by looking at costs, returns to labour, returns to 
land, and the appropriateness of improved pasture management in current livelihood systems 
• Restore degraded grasslands and shrub lands that are used for livestock grazing to enhance milk 
production and income 
 
4. Action plan (year wise)  
 
4.1. Germplasm, forage use and pre-breeding (2020-2022) 
• Enrichment of germplasm base to narrow down the gap in collections available for wild relatives. The 
scope will include germplasm exchange and interchange of experience between the respective genebanks, 
moreover interaction to avoid duplication of conservation efforts and improvement of conservation 
methods. In terms of germplasm Pennisetum purpureum – now Cenchrus purpureus - including Bajra-
Napier, Cenchrus ciliaris, Panicum maximum (now Megathyrsus maximus), Brachiaria spp (now Urochloa 
spp.), Stylosanthes spp., Centrosema molle, Cratylia argentea and Desmodium velutinum would be an 
initial focus. Thus, activities will be: 
▪ Enrichment of germplasm base to narrow down the gap in collections available for wild relatives. In 
terms of germplasm, Pennisetum including Bajra-Napier, Cenchrus ciliaris, Panicum, Brachiaria 
spp, Stylosanthes, Centrosema molle, Cratylia argentea, Desmanthus and Desmodium velutinum 
would be shared in a first batch. Hybrids could be added later based on availability. 
▪ Evaluation of available/collected germplasm of above-mentioned genera for biomass, nutritional 
value and abiotic stresses, as well as potential for BNF and BNI. 
▪ Identification of promising lines/elite materials for food and forage security especially for climate 
resilience and improved pasture management in current livelihood systems through station and on-
farm trials  
 
4.2. Monitoring of GHG emissions from different feeding systems of animals and pastures/grazing 
resources (2022-2024) 
•Quantify effects of improved forage-based systems on soil carbon stocks 
•Quantify the effects of improved animal nutrition on live weight gain and on enteric CH4 production 
•Recording GHG emissions from livestock kept under different feeding and grazing systems (e.g. natural 
pastures, improved pastures, silvi-pastures, horti-pastures, cut-and-carry forages) following SF6 tracer 
technique and gas-flux though static chambers. 
•Assess trade/offs among soil emissions and uptake of CO2, CH4 and N2O in improved pasture systems.  
•Assess the role fungal endophytes in improving the carbon sequestration and biological nitrification 
inhibition (BNI) capacity of tropical grasses.  
 
4.3. Assess the adoptability of improved pasture and grazing land management practices (2024-2025) 
• Assess labour and financial constraints to adopting improved practices. 
• Assess farmer willingness to change practices and how different incentives might improve willingness to 
adopt. 
Assess seed supply systems 
 
4.4. Develop methods for restoring and monitor degraded grazing lands (2022-2024) 
• Assess promising approaches based on natural regeneration of grasslands and shrub lands 
• Assess more intensive approaches based on planting and more active management of the restoration 
process, including plantation of improved pasture species. 
 
4.5. Knowledge sharing and capacity building 
• Scientist exchanges (visits and trainings) between ICAR and the Alliance on the topics of forages 
breeding (including apomixis and sexual reproduction) and remotely collected information (e.g., 
multispectral imaging from drones and satellites) South-South partnerships for disseminating IGFRI 
technologies within the region and in Africa  
 
5. Deliverables 
• Material transfers: Germplasm exchanges and promising lines/elite materials identified 
• Exchange on methods and approaches for germplasm evaluation 
• Publications: scientific advances on the topics mentioned above published in peer-reviewed journals 
• Reports prepared on capacity building activities, participatory work and field visits 
 
6. What we can offer 
• The Tropical Forages Program at the Alliance Bioversity-CIAT has experience with feeding trials to 
screen tropical forages and feed mixes for methane emission potential in different contexts 
• The program has access to the largest collection of available tropical forages (grasses and legumes) to 
support the development of appropriate option to improve animal nutrition in planted pastures and for 
cut and carry systems. The collection is highly complementary with the IFGRI genetic resources. 
• Expertise on breeding, GHG emissions measurements, BNI, BNF and analyses of remotely sensed 
information (e.g., drones and satellites) 
• Expertise on agronomic and physiological assessment of forages 
• Good connections with many countries of the region, with South-South partnership possibilities and 
options for disseminating IGFRI technologies within the region and in Africa (for example IGFRI 
expertise with post-harvest technologies like pelleting machine) 
• The program has a multidisciplinary team that can develop best practices, assess the economics of 
improved systems, assess the implications of improved systems on women and youth, and assess the 
likelihood of adoption of improved practices. 
